The optimal parameters for ultrasonic treatment (frequency 200-300 kHz, intensity 2-4 W cm -2 ) were obtained to intensify Pb(II) and Cd(II) sorption concentration by carbon sorbent from apricot pit. The combined action of ultrasonic frequency of 18 kHz and 1 MHz on concentrate slurry increases its sedimentation stability from 3 to 180 minutes and decreases S r value up to 7% at Pb(II), Cd(II) hybrid sorption atomic absorption determination in natural waters, brines, common salt. Warsaw and Springer-Verlag Berlin Heidelberg. 
Introduction
Electrothermal atomic absorption spectrometry (ETAAS) determination of lead and cadmium traces is extensively encountered in ecoanalytical chemistry. Matrix effects have a significant influence on the performance of ETAAS method in real samples of complex composition. Sorption concentration provides a considerable decrease of detection limit and allows elimination of matrix influence during the ETAAS determination of Pb(II) and Cd(II) trace amounts in natural objects [1] .
Usually, further lead and cadmium determination is carried out directly in solid concentrate slurry (hyphenated sorption atomic absorption method). The sampling of solid sample slurries into the electrothermal atomizer [2] [3] [4] [5] [6] allows to avoid a total dissolution of samples. Nevertheless, the approach is not flawless and the experimental conditions must be carefully checked for each analyte/matrix system. The main problem with the sampling of the concentrated slurry into the furnace is the precision deterioration and the necessity of special constitution of autosampler use because of the rapid sedimentation of the slurry [7] .
The ultrasonic sample treatment (UST) in ETAAS is used for extraction of the analytes to the liquid phase, for slurry formation [8, 9] . The aim of the present study was to investigate the effects of UST parameters at the stages of sorption and Pb(II), Cd(II) concentrate slurry formation on the performance of the hyphenated sorption atomic absorption determination of lead and cadmium in natural waters, brines, common salt.
The activated carbon from apricot pit with the specific surface area of 800 m 2 g -1 was used as a sorbent.
Apparatus
Analytical measurements were carried out on atomic absorption spectrophotometer AAS-3 with electrothermal atomizer ЕА-3 (Germany) and deuterium-arc background correction. Germanyproduced graphite tubes with pyrocoating were used.
Integrated absorbance values of lead and cadmium were measured at spectral bandpass 0.2 and 0.1 nm and resonance wavelengths 283.3 and 228.8 nmrespectively. Heating of the furnace was performed by a 4-step program after preliminary temperature optimization at the stages of pyrolysis and atomization. Inert gas was "highest-grade" helium. Measurement of the particle size in slurry was carried out using sedimentation counter SS-22 consisting of hydraulic classifier and scanning microscope. Near 90% of particles sizes in concentrate slurries were measured with an accuracy of 40±5%. Slurries stability was estimated by the time of 10% slurry sedimentation.
UST of the solutions and aqueous slurries was carried out using upgraded ultrasonic disperser UZDN-1M as well as 24-UZGI-K-1,2 type ultrasonic generator which was connected with CTS-19 type magnetostriction and piezoelectric radiators made of titanium-lead zirconate and equipped with a protective teflon covering.
Procedures
Aliquots of the standard Pb(II) and Cd(II) solutions (1.50 µg L -1 and 0.90 µg L -1 , respectively) were introduced into 25 mL Teflon test tubes, then pH was adjusted to 8 with potassium hydroxide solution and 1 mL of sorbent slurry was added. The sorbent provides almost complete Pb(II) and Cd(II) sorption under static sorption conditions at рН 8-9 [10] .
The test solution was affected by UST for some time and then centrifuged at 20000 rpm during 5 min; supernatant liquid was decanted away, the resulting solid was twice washed portionwise (5 mL) with bidistilled water followed by centrifugation. Bidistilled water (5 mL) was added to the solid concentrate and affected by UST (22 kHz, 2 W cm -2 , 25-30 s) for formation of initial slurry and elimination of the concentrate losses at the test tube walls.
Analyzing the effects of UST on the dispersity of the slurries for subsequent determination of Pb(II) and Cd(II) by ETAAS technique the initial slurry was diluted to 10 mL with bidistilled water and exposed to UST at a varied frequency and intensity (within 10-1000 kHz and 0.2-12 W cm -2 respectively) to form the stable slurry. After 15-20 s a portion of the slurry of 20 µL was sampled into the furnace and then determination of lead and cadmium was carried out by electrothermal atomization of the sorbent. The degree of Pb(II) and Cd(II) sorption was monitored in aqueous phase by ETAAS technique. As it was shown in our previous report [11] , the characteristic masses m 0 , i.e., the mass of analyte element producing an integrated absorbance of 0.0044 s, in the sorbent slurry are nearly the same as those m 0 in aqueous solutions. On this basis the effect of UST on the Pb and Cd yield in the concentrate was estimated by the value of coefficient K, which is defined as the m 0 (concentrate)/ m 0 (aqueous solution) ratio. The fact that K is close to unity suggests the complete passing of analyte elements from aqueous solution into the solid concentrate. The results repeatability of Pb and Cd ETAAS determination was estimated with relative standard deviation (S r ).
Results and Discussion

Sorbent slurry concentration
In our previous publication [10] an optimum concentration of slurry was shown to be 10 mg mL -1 , which is in agreement with the data reported by the authors [12] . UST influence at the sorption stage (300 kHz, 4 W cm -2 , 12 min) allows for the decrease of the slurry concentration and, hence, the value of the blank experiment (Table 1) . Table 1 shows the best repeatability and sorption degree at a slurry concentration of 2.5 mg mL -1 ; it is this slurry concentration which was used in the further experiments.
Duration of ultrasonic treatment
Study of influence of the UST effect duration on the Pb and Cd relative characteristic masses at the sorption stage revealed that 10 min exposure is quite sufficient to provide a maximum sorption degree of Pb(II) and Cd(II) (Fig. 1) . Without the UST effect the sorption equilibrium was established in 3 hours [10] .
Ultrasonic parameters and slurry sedimentation stability
Theoretically, the preparation of a slurry with a minimum size of concentrate particles requires low-frequency treatment or its combination with high-frequency treatment. We examined the effects of ultrasonic parameters on the particle size of the carbon sorbent and stability of its aqueous slurry (Table 2) . Table 2 shows that the minimum-sized particles of the sorbent are formed at a combined action of ultrasonic frequency of 18 kHz and 1 MHz and intensity
The use of ultrasonic treatment for improvement of metrological performance of sorption atomic absorption determination of lead(II) and cadmium(II) traces of 12 W cm -2 during 10 min, with sedimentation stability being increased from 3 to 180 min. Phase separation of this slurry occurs after centrifugation during 5 min at a stirring rate of 25000 rpm. It is these ultrasonic parameters which were used for the treatment of the concentrate in our further experiments on preparation of the slurry for immediate sampling onto the wall of graphite furnace. The resulting sedimentation stability of the slurry allowed for the elimination of additional stabilizing agents.
As the data in Table 2 suggest, the particle size of the slurry increases whereas its stability decreases with increased ultrasonic frequency. It is obvious that increased ultrasonic frequency decreases the dispersive power of UST due to the formation of the shock waves during the collapse of cavitation bubbles. Attainment of a certain level of the cavitation activity requires progressively higher ultrasonic intensity which is firstly increased linearly and then logarithmically [13] . The intensity of ultrasonic stirring is governed by the intensity of acoustic flows and by the intensity of micro-shock cavitation waves [13, 14] . Acoustic flows in water are more intensive at medium and high ultrasonic frequencies. In this case, however, maintaining the corresponding intensity of the acoustic flows at increased ultrasonic frequencies requires an increase in ultrasonic intensity up to 18-46 kHz [14, 15] . Thus, the efficiency of ultrasonic mixing presents some compromise between the intensity of the acoustic flows and that of cavitation micro-shock waves, i.e., between the ultrasonic frequency and intensity.
The simultaneous use of low and high ultrasonic frequencies is more efficient. This is caused by the formation of the large-sized bubbles in the cavitation field, thus resulting in the physico-chemical effects -surface cleaning, mass exchange, erosion, etc., and by the formation of little-sized bubbles whose decomposition gives rise to sonochemical reactions and sonoluminescence [14, 15] . Combined action of high (1 MHz) and low (18-47 kHz) ultrasonic frequencies of the same intensity provides an optimum amount of all kinds of bubbles and, hence, higher efficiency both of mixing and ultrasonic dispersion of the carbon sorbent [15] .
UST in intensification of Pb(II) and Cd(II) sorption
However, the accuracy and repeatability of Pb(II) and Cd(II) hyphenated sorption atomic absorption determination depend not only on the stability of the concentrate slurry, but on the processes at the sorption stage as well. The effects of ultrasonic parameters used for intensification of the sorption concentrating stage on the relative characteristic masses and on the repeatability of absorbance measurements at concentrate atomization were studied. Ultrasonic frequency and intensity at the constant sorption time (10 min) were varied. Analytical signal of the test elements in the sorbent slurry (2.5 mg mL -1 ) was measured followed by calculation of the relative characteristic mass (coefficient K) and the repeatability of measurements (S r ). The findings were processed using Origin 6.1 and were presented in the form of the corresponding surfaces (Figs. 2 and 3) .
The results made it possible to formulate the tendencies for a change in the accuracy and repeatability with variation in ultrasonic frequency and intensity at the stage of sorption. Yield of the analyte in the concentrate increases with increasing ultrasonic frequency, a maximum repeatability of the absorbance measurements 
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The use of ultrasonic treatment for improvement of metrological performance of sorption atomic absorption determination of lead(II) and cadmium(II) traces being at the level of S r = 6.9-7.5. More stable operation of piezoelectric radiators in producing ultrasonic waves of the frequencies higher than 100 kHz compared to magnetostriction radiators appears to be responsible for improvement in repeatability of measurements [16] .
The efficiency of intensification of the sorption increases with an increase in intensity of acoustic flows which is achieved with optimum ultrasonic parameters: frequency, intensity and exposure time. As Figs. 2 and 3 show, the optimum ultrasonic parameters are 200-300 kHz, 2-4 W cm -2 at the exposure time of 10 min. A decrease in K for the yield of the analyte elements in the concentrate and decrease in S r at increasing ultrasonic frequency and intensity appears to be caused by the growth of the slurry particles, some loss in sorbent due to micro-spraying [14] , and partial desorption. The use of UST for intensification of Pb(II) and Cd(II) sorption permits 2-fold decrease in concentration of slurry due to increased surface area of the sorbent and higher efficiency of the ultrasonic mixing over that of mechanical stirring [14] [15] [16] .
Intensification of the sorption concentration makes it possible to simplify significantly the ETAAS determination of the toxic Pb(II) and Cd(II) background quantity in common salt, sea water and highly mineralized mine water. For example, in extraction or sorption concentration of these elements for atomic absorption determination of heavy metals in common salt the calibration solutions are prepared on the basis of matrix amount of NaCl passed through all stages of extraction/ reextraction (sorption/desorption) [18] . In the case of UST with optimum parameters, the yield of analyte element in the concentrate and the repeatability of measurements are nearly unaffected by sodium chloride up to 100 g L -1 (Table 3 ) and only to 50 g L -1 with no ultrasound; shaking time must be no less than 1.5 hours.
Two-fold decrease in concentration of the concentrate in the slurry leads to deterioration of the repeatability and accuracy with sodium chloride content of more than 20 g L -1 .
Sorption atomic absorption determination of Pb(II) and Cd(II) in natural waters and common salt
The results were used for the development of methods of Pb(II) and Cd(II) hyphenated sorption atomic absorption determination in river water, common salt and brine. A 2 g sample of the test salt was dissolved in bidistilled water (100 mL) and the pH of the solution was adjusted to 8-9 with 1 M KOH. Overall salinity of the brine was reduced to 30 g L -1 by dilution. River water was preliminary prepared as described [18] . Water slurry of the carbon sorbent (1 mL, 25 mg mL -1 ) was added to the aliquot 10 mL of the solutions and then exposed to UST (300 kHz, 4 W cm -2 , 12 min). The solid concentrate was separated by centrifugation at 20000 rpm during 5 min and twice washed portionwise with bidistilled water (5 mL) followed by centrifugation. Bidistilled water (5 mL) was then added, the sample was treated repeatedly (22 kHz, 2 W cm -2 , 30 s) to form primary slurry and diluted to 10 mL. Additional dispersion of the slurry particles was carried out by simultaneous action of ultrasonic frequency of 18 kHz and 1 MHz and intensity of 12 W cm -2 during 10 min. Aliquot of the resulting slurry (20 µL) was sampled on graphite furnace wall and the furnace was heated according to the following program: drying at 105°С during 25 s with temperature rate increase of 10°С s 
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The calibration slurries were prepared in the same way as test samples slurries without the addition of NaCl. Chemical reagent and water pollution were taken into account by the blank experiment. The findings are presented in Table 4 .
Finally, the advantages of new methods shall be stressed. The analysis duration declines, for 10 samples it is 1-1.5 hours. The lead and cadmium preconcentration degree is 98-99% while for extraction it is within 88-95%. The developed methods meet "green chemistry" principles because toxic organic solvents are not used. The concentrate slurry stability makes this technique compatible with serial autosamplers.
Conclusion
To summarize, an optimum frequency and intensity of UST at the stage of Pb(II) and Cd(II) sorption concentration by carbon sorbent and at the stage of dispersion of concentrate slurry were established. Optimized UST before ETAAS determination increases the yield of analytes in the concentrate, decreases the sorption time and eliminates the necessity of the suspension stabilizers addition. 
